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1. Growth of LaFeO3 and LaAlO3 films
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Fig. S1 | Growth and surface characterization. a, RHEED intensity oscillations during the growth of LFO (5 u.c.) and LAO (10 u.c.). The growth started at t = 0 and stopped at the time indicated by arrows. RHEED patterns before (b) and post (c) growth. AFM surface topography before (d) and post (f) growth. Measured step heights before (e) and post (g) growth.
The LaFeO3 (LFO) and LaAlO3 (LAO) films were grown by pulsed laser deposition (PLD) in a layer by layer fashion as shown in Fig. S1a. The thickness of the LFO and LAO was controlled by counting the RHEED oscillations, enabling a precise unit cell (u.c.) control of the growth. RHEED patterns (See Fig. S1, b-c) indicate a 2D smooth surface. The AFM surface topography (Fig. S1d) and measured step heights (Fig. S1e) before growth indicate that a high-quality single TiO2-terminated SrTiO3 (001) substrates were obtained. Highly smooth film AFM surface image (Fig. S1f) shows that the grown film still has a two-dimensional structure, and measured step heights (Fig. S1g) of thin films shows that the LAO is subjected to tensile strain.


2. X-ray diffraction and reflectivity of heterojunction film
[image: ]
Fig. S2 | Structure characterization. a, X-ray diffraction of (001) and (002) peaks for the heterojunction film. b, X-ray diffraction ω-rocking curve (XRC) of the as-grown heterojunction film (002) plane. Experimental (black dots) and model (red line) X-ray reflectivity curves (c) of the heterojunction film. d, X-ray scattering length density (SLD) profiles obtained from the X-ray reflectivity fits.
X-ray diffraction (Fig. S2a) shows that the heterojunction film has a good epitaxial relationship with the STO substrate. The full-width at half-maximum (FWHM, Fig. S2b) was measured to be 0.021°, indicating the good crystallinity of the heterojunction film. The simulation of XRR (Fig. S2c, red line) well confirm the layer by layer fashion monitored by RHEED. The simulation parameters are shown in Table S1.


3. Detections of low boiling point and inert substances
[image: ]
Fig. S3 | Optimized activation resistance for broader gas detection. Measurements of H2 (a) and Ar (b).
By adjusting the carrier concentration at the interface of C-2DEG gas sensor, the resistance after activation does not exceed the measurement limit of the source meter, so as to realize the detection of those substances that sublime or boil at low temperature, such as H2 (Fig. S3a) and Ar (Fig. S3b).


4. Evidence for Charged Gas Ice layer
[image: ]Fig. S4 | Evidences for Charged gas ice layer. A, R-T curves of cooling (red line) and warmup (blue line) with gate applied at 300K. b, Response of sample with higher carrier concentration (2.54×1013 /cm2) in mixed gas environment. The inset is the first order differential of resistance around the CO2 sublimation temperature (135 K - 150 K).
Two smooth curves (Fig. S4a) show that applying back-gating at high temperature (300K) does not activate the device, but only the gas ice layer can be charged. The sudden change of the slope of the first differential (Fig. S4b) indicates the sublimation of CO2. Based on the parallel plate series model (1/C=1/C1+1/C2), the total capacitance is mainly contributed by the substrate since the film thickness is much thinner than the substrate. Under the temperature of 2 K and the electric field of 4200 V/cm, the STO (001) substrate has a relative permittivity of ~104.1 Therefore, after applying a back-gate voltage of 210 V, the gas charge concentration is ~2.32×1013/cm2, which is consistent with the depleted interface carrier concentration calculated in the main text.


5. Characterization of carrier mobility before and after activation
[image: ]
[bookmark: _Hlk136896054]Fig. S5 | Carrier mobility before and after activation as a function of temperature. 
The carrier mobility after activation is almost the same as that of as grown, except that there is a maximum 20% change in the SOB temperature range, indicating that the activation does not change the carrier mobility, but only reduces the carrier concentration.



	Layer
	Chem. Formula
	Density (g/cm3)
	Thickness (Å)
	Roughness (Å)

	Layer 2
	LaAlO3
	6.822347
	37.22338
	2.835766

	Layer 1
	LaFeO3
	7.998116
	19.9194
	12.57356

	Substrate
	SrTiO3
	5.236075
	
	7.181943


Table S1. The simulation parameters obtained from the X-ray reflectivity fits by GenX 3.6.16. Thickness fitting results of LFO and LAO are consistent with STEM images (Fig. 1c).



	Name
	CO2 measure limit
	Author

	C-2DEG Gas Senor
	0.025 torr (33 ppm at 1.0 atm)
	Present work 2022

	Calcium doped ZnO
	50 ppm
	Ghosh et al. 20192

	p-Si/MoO3
	100 ppm
	T. Thomas et al. 20213

	Li4Ti5O12
	100 ppm
	S. Joshi et al. 20164

	CoAl2O4
	100 ppm
	C. Michel et al. 20105

	ZnO
	400 ppm
	Y. Hunge et al. 20186

	CeO2
	800 ppm
	A. Aboud et al. 20177

	SnO2
	2000 ppm
	D. Wang et al. 20168

	CNx/p-Si
	6 torr
	N. Zouadi et al. 20159


[bookmark: _Hlk135165057]Table S2. A literature review on the CO2 measure limit of gas senor. The test limit of our C-2DEG gas sensor for CO2 can be compared with the best MOS gas sensor that has been reported so far



	Compounds
	Electron Affinity (eV)

	H2 (g)
	0.7510

	N2 (g)
	0.0711

	CH4 (g)
	-1.6312

	O2 (g)
	1.4613

	C2H4 (g)
	-0.3812

	CO2 (g)
	0.6±0.214

	ice
	0.8±0.115

	Ar (g)
	-1


Table S3. A literature review on the electron affinity of all gases appearing in the article. The higher the electron affinity, the stronger the ability to bind electrons, the more sensitive our gas sensors are to this gas and thus have a higher measurement limit.
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